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(54) [Title of the Invention] Fast LAN Control System 

(57) [Abstract] 

[Problem] Such a problem existed that a copying system is fixed 
in the case of copying data to between an intra system space 
buffer and an intra communication adaptor in a communication 
control system, and hence copying performance declines as a 
copying target data size changes. 

[Solution Means] To select a data copying system (DMA (Direct 
Memory Access) or PIO (Programmed Input/Output)) between a main 
memory and a network, corresponding a frame size of transfer 
data . 
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[Claims] 

[Claim 1] A fast LAN control system in a communication system 
connected to a plurality of local area networks and transferring 
data based on an acknowledgement-based highly-reliable network 
protocol, comprising: a host memory; and a communication adaptor , 
wherein when copying the data to between said host memory and 
said communication adaptor, a copying system is selected 
corresponding to a data length of the data to be copied, and 
the data is thus copied. 

[Claim 2] A fast LAN control system according to Claim 1 , wherein 
a data length serving as a threshold value for controlling the 
data copy is determined when initializing said communication 
adaptor . 

[Claim 3] A fast LAN control system according to Claim 1 , wherein 
the data length serving as the threshold value for controlling 
the data copy is set to a fixed value, 

[Claim 4 ] A fast LAN control system according to Claim 1 , wherein 
as to the data length serving as the threshold value for 
controlling the data copy, periods of data copying time based 
on a plurality of data copying systems are measured by use of 
test data when initializing said communication adaptor, and the 
threshold value for changing the data copying system is 
controlled based on the measured values. 

[Detailed Description of the Invention] 

[0001] 

[Technical Field of the Invention] The present invention 
relates to a fast LAN control system, and more particularly to 
a fast LAN control system suited to copying the data to between 
a system memory and a memory in a communication adaptor in the 
case of performing communications based on a highly-reliable 
protocol in a way that connects to local are networks. 
[0002] Two types of systems, a PIO system and a DMA system, are 
given as systems for transferring the data to between the system 
memory and the memory in the communication adaptor. PIO is an 
abbreviation of Programmed Input/Output and is defined as a 
system for transferring the data by software copy. DMA is an 
abbreviation of Direct Memory Access and is defined as a system 
for transferring the data to between an I/O device and a main 
memory without depending on a CPU. 

[0003] The conventional communication control system has, when 
performing the data communications with another communication 
control system, a scheme that an adaptor control unit controlling 
the adaptor copies the data to between the memory within the 
communication control adaptor and the main memory. At this time, 
a buffer copy system is fixed to any one of the DMA system and 
the PIO system, corresponding to the communication adaptor to 
be connected. 
[0004] 

[Problems to be Solved by the Invention] FIG. 2 shows a block 
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diagram of the communication control system. 
[0005] A CPU and a host memory are connected to a system bus, 
and a LAN controller and a memory for the communication adaptor 
are connected to an I/O bus. A system bus-I/0 bus conversion 
control unit connects the system bus and the I/O bus to each 
other. Given is an explanation of a case of copying .the data 
to between the host memory and the for-the-communicat ion-adaptor 
memory of the communication adaptor. To start with, a case of 
copying the data in the host memory to the memory for the 
communication adaptor, will be described. In the case of the 
PIO system, the transmission data in the host memory is 
temporarily copied to a cache in the CPU and is thereafter copied 
by the CPU to the memory for the communication adaptor via the 
system bus-I/0 bus conversion control unit. By contrast, the 
DMA system is that the LAN controller directly accesses the 
transmission data in the host memory, and copies the data to 
the f or-the-communication-adaptor memory in the communication 
adaptor. This process is the same with a case of copying the 
data in the memory for the communication adaptor to the host 
memory. Namely, a period of copying time is reduced to a degree 
corresponding to no intermediary of the CPU. 
[0006] If the LAN controller has no bus master function, such 
DMA pre-processing/post-processing is needed as register 
initialization for the CPU to make the LAN controller conduct 
the DMA. 

[0007] There is a case in which the transfer based on the PIO 
system is faster depending on a data size to be transferred if 
a period of actual DMA transfer time is added to the 
pre-processing/post-processing. Namely, if the transfer data 
size is small, the DMA pre-processing/post-processing becomes 
a bottleneck, with the result that the data transfer based on 
the PIO system becomes faster. If the data size increases, the 
DMA system gets faster in transfer time than by the PIO system. 
[0008] As described above, when transferring the data having 
a data size ''M bytes", a difference occurs in data copying 
performance depending on the difference in the transfer system, 
depending on a magnitude of M' s value. The data copying 
performance affects communication performance of the 
communication control device. In the conventional 

communication control device, a difference occurs in the 
communication performance, corresponding to the data size 
handled by an application running on the communication control 
device. It is an object of the present invention to change the 
transfer method, corresponding to the data size of the data 
transferred to between the main memory and the intra-adaptor 
memory. 

[0009] Means for Solving the Problems] To accomplish the above 
object, an adaptor control unit in a communication control device 
includes a data copying control unit. The data copying control 
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unit is separated into a threshold value determining unit that 
determines a threshold value for determining a copying system 
and into a copying control unit . The threshold value determining 
unit is started up when initializing a communication adaptor. 
When started up, a fixed value is registered as the threshold 
value. The copying control unit checks a data size to be copied 
when transmitted and received, and the copying method is 
determined by making a comparison with the threshold value in 
the threshold value determining unit, and the data is thus copied, 
whereby the object described above is accomplished. 
[0010] Further, another means is that the object described is 
attained by another threshold value setting method using the 
threshold value determining unit. The threshold value 
determining unit, when initializing the communication adaptor, 
measures the DMA pre-processing/post-processing time, and 
determines the threshold value based on a result of this 
measurement . 

[0011] Still another means is that the object described is 
attained by still another threshold value setting method using 
the threshold value determining unit. The threshold value 
determining unit, when initializing the communication adaptor, 
generates two types (different in data length) of test data, 
measures periods of data copy processing time in both of the 
DMA system and the PIO system with respect to the respective 
types of test data, and calculates the threshold value from the 
DMA pre-processing/post-processing time and from the measured 
value . 
[0012] 

[Embodiment of the Invention] One embodiment of the present 
invention will be described with reference to FIGS. 1-8. 
[0013] FIG. 1 is a diagram of a whole architecture of a 
communication control system. 

[0014] To begin with, each of control blocks will be described. 
[0015] A communication control device 1000 is an information 
device such as a workstation and a personal computer, and connects 
via a communication adaptor 1001 to a transmission medium 1002 
serving to build up a local area network (LAN) such as Ethernet, 
FDDI (Fibre-Distributed Data Interface), Fast Ethernet and ATM 
(ATM- LAN) 

[0016] Auser applicationprograml003 is a program running within 
a memory space (user space 1012) in which to operate only a user 
application in the communication control device. The user 
application program 1003 transmits and receives the data to and 
from a protocol control unit 1004 that controls an 
acknowledgement-based protocol such as TCP/IP (Transmission 
Control Protocol/Internet Protocol) . The protocol control unit 
1004 performs the data transmission/reception control according 
to the acknowledgement-based protocol by use of a transmission 
buffer 1008 and a reception buffer 1009. 
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[0017] An adaptor control unit 1006 controls the communication 
adaptor 1001 and conducts transmission/reception control with 
respect to a LAN 1002. A network interface control unit 1005 
controls interfaces with the adaptor control unit 1006 and with 
the protocol control unit 1004 . The protocol control unit 1004 , 
the network interface control unit 1005, the adaptor control 
unit 1006 and a communication buffer management control unit 
are defined as programs running within the system space. The 
transmission buffer 1008 and the reception buffer 1009 exist 
in the system space, and are managed by a communication buffer 
management control unit 1007 by employing anmbuf (memory buff er) 
data structure , The mbuf data structure will be explained later 
on . 

[0018] The present invention is characterized by obtaining a 
threshold value for selecting a data copying system at a 
self-diagnosis time of the adaptor from a data size of the buffer 
managed based on the mbuf data structure. 

[0019] Next, a data copying control unit 1010 in the adaptor 
control unit 1006 will be described. The data copying control 
unit 1010 is separated into a threshold value determining unit 
1014 and a copy control unit 1015. The threshold value 
determining unit is started up from an initialization processing 
unit in the adaptor control unit. 

[0020] The threshold value determining unit 1014 has a function 
of, when initializing the communication adaptor 1001, measuring 
a length of data copying time based on each of the DMA system 
and the PIO system between the transmission buffer 1008, the 
reception buffer 1009 and a buffer 1011 within the communication 
adaptor, calculating a switching threshold value of the copying 
system when actually transmitting and receiving the data, and 
storing the calculated threshold value in a threshold value table 
provided in the threshold value determining unit 1014. 
[0021] Next, transmission/reception buffer control and data 
copying control in the transmission/reception control unit will 
be described. 

[0022] The transmission/reception data takes an mbuf chain data 
structure. The transmission/reception process involves 
automatically setting the data transfer system, the DMA system 
or the PIO system, between (the buffer managed based on) the 
mbuf chain data and the transmission/reception buffers in the 
communication adaptor . 

[0023] Ascheme of the present invention is that the determination 
about which system, the DMA system or the PIO system, the data 
in the buffer managed based on the mbuf data structure is 
transf erredby, is controlled inaway that determines a threshold 
value for the data size of the buffer managed based on the mbuf 
data structure. 

[0024] Next, the buffer control by a communication buffer 
management control unit 1007 will be described. The present 
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embodiment realizes the buffer control by employing the mbuf 
data structure illustrated in FIG. 3. FIG. 3 illustrates the 
mbuf management table. An mbuf data structure has fields such 
as m__next, m_off, m_len, m_type, data and m_act . The mbuf data 
structure has 128 bytes on the whole, of which 112 bytes are 
used for storing data. 

[0025] The data exists in the data field of the mbuf data structure 
or in an external page but does not. exist simultaneously in both 
of the locations. An address of the data becomes accessible 
by adding a value (m_off ) in the offset field to an mbuf head 
address . 

[0026] The m_len field represents a byte count of valid data 
that can be referred to from "offset". An arbitrary length of 
data is held, and hence a plurality of mbufs (memory buffers) 
can be linked. This link is established by storing a head address 
of the next mbuf in the m_next field of the mbuf. The chain 
data of the linked mbuf is dealt with as the single datagram 
(packet) . 

[0027] The m_act field is employed for linking the mbuf chain 
data to an object list. 

[0028] The m_type field is used for registering a data type. 
FIGS. 4 and 5 each illustrate an example of a structure of a 
transmission frame using the mbuf. FIG. 4 shows that the m_len 
field is set to 60 bytes (m_len 60 bytes) , and the m^off field 
is set to 36 bytes (m_off field = 36 bytes) , wherein the 60-byte 
transmission data is contained in an mbuf structure 3001. 
[0029] FIG. 5 shows that an mbuf data structure 5000 is linked 
to an mbuf data structure 5001 , thereby assembling a transmission 
frame having (64 -f 1024) bytes. 

[0030] Next, the buffer control and the data transmission process 
at the transmitting time will be described. The transmission 
frame is managed based on the mbuf data structure. To start 
with, the application program 1003 performs the transmission 
control with respect to the protocol control unit 1004, the 
transmission frame in the transmission buffer 1008 is structured 
as illustrated in FIG. 4 or FIG. 5, and the head address of the 
mbuf data structure is transferred to the adaptor control unit 
1006 via the network interface control unit 1005. Next, a 
processing flow of the data copying control in the adaptor control 
unit 1006 will be described with reference to FIG. 6. The data 
copying control unit 1010, at first, acquires the head address 
of - the buffer control data (the mbuf data structure) from which 
the transmission frame is assembled out of the protocol control 
unit (6000). Next, as far as the buffer chain exists, the 
processes, which will hereinafter be explained, are repeated 
(6001) . A data length (m len) of the mbuf in the mbuf data structure 
is obtained ( 6002 ) . A threshold value is obtained from the table 
in the threshold value determining unit 1014 provided in the 
data copying control unit 1010 and is compared therewith. If 
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the data length is larger than the threshold value, the data 
is transferred based on the DMA system (6004) . Whereas if the 
data length is smaller than the threshold value, the data is 
transferred based on the PIO system (6005). 

[0031] When the data copy is finished, the transmission process 
of the adaptor is carried out, thereby transmitting the data. 
[0032] Next, the buffer control and the data reception process 
at the receiving time will be described. The adaptor control 
unit 1006 prepares a buffer for reception, which is managed based 
on the mbuf data structure, within the system space. When a 
notification of the reception enters from the communication 
adaptor 1001, the adaptor control unit 1006 starts up a copying 
control unit 1015 in the data copying control unit 1010. The 
copying control unit 1015 refers to the table managed by the 
communication adaptor 1001 and acquires a reception data size. 
Then, the reception data size is compared with the threshold 
value stored in the threshold value table in the threshold value 
determining unit 1014 provided in the data copying control unit 
1010 of the adaptor control unit 1006. If the data length is 
smaller than the threshold value, the data is transferred based 
on the PIO system. Whereas if the data length is larger than 
the threshold value, the data is transferred based on the DMA 
system. 

[0033] An example of a threshold value determining algorithm 
by the threshold value determining unit 1014 will be next 
explained. The threshold value determining algorithm is 
classified into the following three systems. 
[0034] 1) Fixed System 

The threshold value is fixed. The threshold value is set 
to 1024 bytes, and the data is copied by the DMA system in the 
case of the data having a data size larger than 1024 bytes and 
by the PIO system in the case of being smaller than 1024 bytes. 
[0035] 2) DMA Initialization Processing Time Measuring System 

A period of DAM initialization processing time is measured, 
and the threshold value is determined based on this measured 
value, FIG. 7 shows a processing flow in this case. To begin 
with, when initializing the communication adaptor (7000), the 
DAM initialization processing time is measured (7001) . The 
threshold value for selecting the data copying system is 
calculated based on the measured time. This measuring system 
is fuzzier than a transfer time diagnosis data generating system, 
which will be described next, in terms of the threshold value 
control between the PIO systemand the DMA system, but is effective 
if disabled to copy the test data depending on the specifications 
of the communication adaptor. 

[0036] 3) Transfer Time Diagnosis Data Generating System 

Two pieces of test data are generated when initializing the 
communication adaptor, the data is copied to between the buffer 
in the system space and the buffer in the communication adaptor. 
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and the threshold value is calculated from this measured value. 
Let "M" be a data size, and the threshold value takes such an 
M' s value as to establish the following equation: 
(DMA initializing time) + (DMA processing time per byte) x M 
= (PIO processing time per byte) x M ... (Equation 1) 
[0037] Let ^^A" be a data length of the buffer A, let ""B" be a 
data length of the buffer B, let ''D_TA" be data copying time 
based on the DMA system in the buffer A, let "P TA" be data copying 
time based on the PIO system in the buffer A, let ''D_TB" be data 
copying time based on the DMA system in the buffer B, let "P 
TB" be data copying time based on the PIO system in the buffer 
B, and the DMA processing time and the PIO processing time are 
given as follows: 

DMA processing time per byte = (A - B)/(D_TA - D_TB) 
PIO processing time per byte = (A - B)/(P_TA - P_TB) 
[0038] The threshold value M is calculated by measuring D_TA, 
D TB, P TA and P TB during the DMA initialization when initializing 
the communication adaptor. 

[0039] A processing flow in this case will be explained with 
reference to FIG. 8. 

[0040] The threshold value determining unit is started up when 
initializing the communication adaptor. The threshold value 
determining unit, when started up, at first measures the data 
coping time, and therefore generates two types of buffers 
(different in data length) in the transmission /reception buffers 
in the system space and in the communication adaptor (8001) . 
Then, with respect to the two types of buffers, the data is copied 
to between the intra system space buffer and the intra 
communication adaptor buffer by employing the both of the DMA 
system and the PIO system (8002) . 

[0041] During the DMA initialization, periods of data copying 
time with respect to the buffers having the data sizes A and 
B on the basis of both of the DMA system and the PIO system, 
are measured (8003) . The threshold value is calculated from 
the Equation (1) (8004). Then, the threshold value is registered 
in the threshold value" table, thus finishing the process by the 
threshold value determining unit. 

[0042] As to the buffer control, the data copying system for 
the buffer control using the mbuf data structure has been 
described, however, the data copying system according to the 
present invention is effective also in the case of the buffer 
control that does not use the data link model as by the mbuf 
data structure. 

[0043] According to the present invention, the data copying 
system is automatically selected corresponding to the data size 
for copying, thereby improving the copying performance of the 
frame data. 

[0044] Thus, the threshold value based on the data length for 
copying is set, and the data copying system is controlled, which 
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prevents the data copying time from linearly increasing with 
respect to the data length, thereby reducing the data copy 
processing time that is a bottleneck to the data communications . 
[0045] A difference in the data copying performance affects the 
communication performance of the communication control device. 
The communication control device performing the data copy based 
on only the DMA system has an effect in the case of communicating 
thedatahavingalargedatasizeasby FTP ( FileTransfer Protocol ) , 
but has none of the effect in the communication performance in 
the case of communicating the data having a small data size as 
by Telnet. In contrast, the communication control device 
performing the data copy based on only the PIG system is effective 
in the application that handles a small data size. The present 
invention utilizes the data copy based on the PIO system in the 
case of the small data size to be handled and the data copy based 
on the DMA system in the case of the large data size to be handled, 
whereby the fast data transfer can be done irrespective of the 
data size to be handled by the communication application, 
[Brief Description of the Drawings] 

[FIG. 1] A diagram of a whole architecture of a communication 
control system. 

[FIG. 2] A block diagram of the communication control system. 
[FIG. 3] A diagram of a mbuf buffer management table. 
[FIG. 4] A diagram of an example 1 of a structure of the mbuf 
buffer management table. 

[FIG. 5] A diagram of an example 2 of the structure of the mbuf 
buffer management table. 

[FIG. 6] A diagram showing a flow of a buffer copying process. 
[FIG. 7] A diagram showing a processing flow 1 of a threshold 
value determining process. 

[FIG. 8] A diagram showing a processing flow 2 of the threshold 
value determining process. 
[Description of Numerals and Symbols] 

1000... communication control device, 1001,.. communication adaptor, 
1002... LAN, 1003... user application, 1004... protocol control unit , 
10 05.,. network interface control unit, 100 6... adaptor control unit, 
1007... communication buffer management control unit, 1008.,. 
transmission buff er, 1009... reception buff er, 1010... data copying 
control unit, 1011...intra adaptor buff er, 1012... user space, 1013... 
system space, 2000.., CPU, 2001...host memory, 2002... system bus, 
2003. ..system bus I/O bus conversion control unit, 2004... I/O bus, 
2005... LAN controller, 2006..jnemory for communication adaptor 
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FIG. 1: 

1000... COMMUNICATION CONTROL DEVICE, 
1003... USER APPLICATION PROGRAM, 
1004... PROTOCOL CONTROL UNIT, 
1009... RECEPTION BUFFER, 
1008... TRANSMISSION BUFFER, 

1007... COMMUNICATION BUFFER MANAGEMENT CONTROL UNIT, 

1005... NETWORK INTERFACE CONTROL UNIT, 

1006... ADAPTOR CONTROL UNIT, 

1010... DATA COPYING CONTROL UNIT, 

1014... THRESHOLD VALUE DETERMINING UNIT, 

1015... COPYING CONTROL UNIT, 

1001... COMMUNICATION ADAPTOR, 

1011... ADAPTOR BUFFER, 

FIG. 2: 

2005... LAN CONTROLLER, 

200 6... MEMORY FOR COMMUNICATION ADAPTOR, 

FIG. 3: 

A... 112 BYTES, 

FIG. 4: 

A. .. 36 BYTES, 

B. .. 60 BYTES, 

FIG. 5: 

A. .. 36 BYTES, 

B. .. 64 BYTES, 

C. .. 1000 BYTES, 

D. .. 1024 BYTES, 

FIG. 6: 

6000... ACQUIRE HEAD ADDRESS OF BUFFER CONTROL DATA ASSEMBLING 
TRANSMISSION FRAME FROM HIGH-ORDER CONTROL UNIT, 
6001... BUFFER CHAIN EXISTS, 
6002... OBTAINS mbuf DATA LENGTH, 
6003... COMPARE WITH THRESHOLD VALUE, 

A. .. LARGER THAN THRESHOLD VALUE, 

B. .. SMALLER THAN THRESHOLD VALUE, 

6004... DATA TRANSFER BASED ON DMA SYSTEM, 
6005... DATA TRANSFER BASED ON PIO SYSTEM, 

FIG. 7: 

7000... ADAPTOR INITIALIZING PROCESS, 

7001... MEASURE PRE-PROCESSING/POST-PROCESSING TIME WITH DMA. 
7 002... DETERMINE THRESHOLD VALUE FROM DMA 

PRE-PROCESSING/POST-PROCESSING . 
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FIG. 8: 

8000... ADAPTOR INITIALIZING PROCESS, 

8 001... GENERATE TWO TYPES OF BUFFERS FOR MEASURING DATA COPYING 
TIME, 

8002... COPY DATA BY USE OF DMA, PIO FOR TOW TYPES OF BUFFERS, 
8003... GENERATE LINEAR EQUATION FOR DATA SIZE AND TRANSFER TIME 
ABOUT DMA, PIO, 

8004... SOLVE SIMULTANEOUS EQUATIONS OF DMA AND PIO, 

8005... REGISTER DATA SIZE AT THAT TIME AS THRESHOLD VALUE, 
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PROBLEM TO BE SOLVED: To improve the copy 
performance of frame data by selecting a copy system 
according to the length of data to be copied between a 
host memory and a communication adapter. 
SOLUTION: An adapter control part 1006 prepares a 
receiving buffer which is managed by an mbuf data 
structure in a system space. When the receiving 
communication is inputted from a communication 
adapter 1001, the part 1006 starts a copy control part 
1015 included in a data copy control part 1010. The part 
1015 refers to a table which is managed by the adapter 
1001 to know the receiving data length. This data length 
is compared with the threshold contained in a threshold 
table included in a threshold decision part 1014 which is 
included in the part 1015. If the data length is smaller 
than the threshold, the transfer of data is carried out by 
a program input/output system. If the data length is 
larger than the threshold, the transfer of data is carried 
out by a direct memory access system. 
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[0 0 0 6] U;!i^L. L AN = >' h n — 7 (C/<;;!.-r ys, ^5? 
^tg;6S/^l,^i;CPU;45LAN3>'^^-7(c^L-. DM 

A ^n-/^ ^^-fr 5 fc i6 u ^ ^ ?;]iffl^t:^» D M A mvm. 

[0 0 0 7] z.o:>m- ^^a(C|||^c7)DMA$5iiB#rn'3% 
:/jnx?)<!:|5K^-r?)X-^*(cJ;oTP i o::^i^(cJ;-5e 

20 DMA<7:)pft*a!9.B#rfl/5^^-yi?lC/.eoTP I O 

< /ce?)iDMA::fy5»:(cj;s|gillB#rfi1(7):^/J5p i o;^5»:j; 
[0 0 0 8] JiA±(7:)J: 51-. 7-'-^4M/W HiTJr-^? 

if fliiJPS^g-r'iiiiif «iJtigfi±T'KiilHi- T 7" y ^— > 

30 ^^B^wiis^jii. ±><^y iT^^7°^rtro^^y fH-ir- 
^U'&^W^-th^-'&mc^^-.MX. 

[0 0 0 9] 

[0 0 10] SUO^St LTH{I*^E^(dj;^Bi| 
^^F|5(iMTi?'7°^|?]S8^tB#(CDMAmim^aaBtrn^^31iJ 
[00 11] giJo^S<i: LrBg{I*AEg|lldJ:.5K 

\m.-&->3m^^^xm^^m±. m^^f\,h. 



(3) 

3 

DMA t P I 0(D(^ij^X'7'—-^ 3 t'-t&Mi^f^^ 
iJS DM A mJ^*aaB#Fw^ <!: fi^ffi/i^ (b Igfit^f+^-f 

(0 0 121 

[ 0 0 1 3 ] H 1 (i, mmmm'y^y'M.<7)±mnf&mx 

[00 14] *-f. =S-ftiiJf^^n -;/i?(coiNTIjilJqi-5, 

[ 0 0 1 5 1 3iff ffelJIlPSIS 1 0 0 0 (1. !7-^';5!.-r--> 10 

^(i, Ethernet, FDDI, FastEthernet, ATMt^C J; 
5?*^D-*>'L'3:y T^^i/ hy-i? (LAN) ^mm-t^ 

X 0 1 0 0 2 {zmmryzf^ i o o i l 

[0016] ZL— !fr7°y 'J^-v'a 1 0 0 

3 (i, iamSiiJWS^ffil^cDa.— tfTT"!; ^r-v-a v/clt;^^ 

?)^^y?gf^ if?^Bgi 0 12) rtT'ftj^-r 

A1 0 0 3{i. TCP/I P(7:»J:9i'ii^3i5SmM«7"n 20 
h ='JU?ii\m^n 9 7°n h 3yUffi-lJt®g|5 1 0 0 4 LT. 
X-^(7)il^S{t^tT5„ l-ri/PSlJ^giJl 0 0 4(±. 

il^lt^^ y 7 r 1 0 0 8 S.O«Sif y 7 T 1 0 0 9 *ffio 

[0017] Ti^y^mmU l O O e (4, iHlTiJ^VrJ' 
10 0 1 ^M'M L A N 1 0 0 2 (C>!t t TilSftftilJI^ 
^ffO. hU-i' y'^y :xL — y^m'MUl 0 0 5 
it. 1 0 0 6 t 7°o h zi/U^iH^gp 10 0 4 

tOf V^^^-^^fW^fre-o 7°n h=iyu^ij^*pi 0 30 

0 4. vu—^ 4 ^ y :x.—7.w^%\ 0 0 5, T 
yyiS'ftiijwaii 0 0 6, mt^^yyy'^Mmm^it. 

7 1 0 0 8 tS:ff/^->7T 1 0 0 9(4. ->y(.7" A^PbIF^ 
mbu f -r-i^tSitft^^rfseoTiiff/^s/^rt 
S$Wa51 0 0 7(Cl=a$nTV^5„ mbu f x'-^tS 

[0 0 18] *^B^-C"(4, T;?'7°^'roga#lfTB#l-x- 
^ 3 t°-*5t<lrjlt)^-rSfcfeOSgffi^m b u f r'-^'ffi 
'■M.W-\zX'0^m^^^^<yy 7 o:>^~$m^hi^t>^Z. 40 

[0019] of {C. r^-f^Pm% 1 0 0 6 rtOx- 
^ 3 t°-ft5iH^g|5 10 10 (Col^Tlft0^-r?)o r-^ 3 f 

-$ijii3a5 1 0 1 0 (4. 1 0 1 4 1 3 

lFi5i 0 1 5(c5i•^tb4^^<, Wffi^^^tt. ryy^^ijp 
[0 0 2 0] Mffi^t^gp 1 0 1 4 (4. iimryT"^ 1 0 

0 1 Wln^^bBtldi^Sffl-^'^' S/7rl008, 1009t 
amT^^7°:J'F^/<5'7r 10 11 i (7:)rn1C0DMA:St>*P 
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1 0 1 4rt(cS>?,rsiffl7^-y/Kc^&^1-S«lig^}#FO„ 
[0 0 2 1] ot"(c, iiS{fW^a{c4ott2)illf:{t^<u/ 

[0 0 2 2] '^^{t'f—^i-t. mbu f ^a^f Vx-^? 
tjl3t^i?oTl^5o i^Sft^a-C(4, ~(7^mbu f^^n 

T-'-i? 15)11:^5':^ DM A;0>P I 0»i'*>t?5^(cgi()I§;^ 

[0 0 2 3] :^|gB^T'(4, mb u f r-^5'«igft:(C<to 
Ti=a$ tL2)^< 7 T rt(73x-^ISiilrDMA-CfT 5 
P I Ot:fT5^^«¥iJ^*mb u f r-^Wii^lciot- 
ta $ S 7 r - a(cMfi?r^i6 5 r i: J; 

[0 0 2 4] of'tciim^^ •> yy^'mmu i o o ? ic 

X.^^<yy yV{mz^\'^XWm-t^. *IIMI5iJT-(4, 
-'<s/7TfliiJfSl4, H 3 (':^1-m b u i f-^W^W-'^:'^ 
oT^ai--5„ mb u f 7'/t'^S13(^^-r„ m 

bu f (?3 7 ^' — ;U KI4, m_next. m_off, m_len, ni_t 
ype, data. ni_actT'fllfiK $ tt. ^frT' 1 2 8 x^'f h . 

[0 0 2 5] x-^14. mbu f 

KU>^f4. mb u f O^fefljT V \y:^l,Z:ty± y hy ^~ 
J\y K<75ji(ra_off) ^JS^C <!: "CT iJ' -fe;^T'# So 
[0 0 2 6] m_\eMt^y±y V t^h^mX ^ ^'-^Wi 

sfcie). isic(Omb u f ^^^-rsv;45-cts„ -co 

y mb u f cOm_n e x t 7 -j" — KldofW 

mbu i(D9mr v'i^:^^^m-r^^tKi:^m^^ti 

y ^iXtzm b u f (73^:3.^ VI4. Ifi-Wx — ^ 

[0 0 2 7] m_a c t 7 — K(4m b u f ^^^-T^^ 

[0 0 2 8] m_t y p e 7^-— yUKl4. ^^—■9<Dd'A 
:/a^'J^S^1-5^c*(cjJffl$nSo El 4, UStCmb 
u f *1£ofciiijt7U-Aco«;5)c^J^^-r„ ia4T'l4. 
m_ 1 e n = 6 O/^'l' m_o f f = 3 6 
^$^x-Cioi5. 6 0/W hK)52^{tT-'-^;4\ mbufr 
-^1tji1*3 0 0 1 (7)4'{-Aotv^2)::^^:t^ltv^ 

[0 0 2 9] El 5 -CI4. m b u f 5 0 0 0 

tmbu f r-;?«itf$:5 0 0 1 U Vi? tf 6 4 + 1 
0 2 4^<f h(7>Jllff 7U-A^1«fi)ctTi/^5:ii:^^L- 

[0 0 3 0] O #'{Ci^{tBt (73/^ 7 7 ffilJP t =f- ^ 'Mt 
Vm^z-r>\^XW^-^^. 'Mty\^~Mt. mbu f x- 

a >'7°o 1 0 0 3;!)\ 7°d h ^/L^^jlH^lfP l 0 0 4 
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[l!4X(iIl!5 mb 
u f f-^miti^(DMMT h'i-:^f)'^^^y VP-^^'y^ 
y :jl-:^UUUi o o 5 ^m\^X7 y-:^^UUn\ 0 0 

=> t°-f{iffl|f|5 1 0 1 0 J; ^x-^ 3 f-ffiiJfilpw^aSW 
»^tL^Co^^Tll6 ^{to-ClftB^-rSo T-'-^a t°-f|5iH^p 

0 1 0(i. ^-f. h3yuf{iiji|)g(5;6^p5iiit7l/- 
A^«J?)ti-S/^-y7rWfll7'-i5' (mbu f7=-^'tgig 

ro^feslT KUP^^JS#1-5 (6 0 0 0) „ 10 

jS-f (6 0 0 1) „ mbu f T-*— ^tl|jift:4'<7)mb u f 
Wr-^fi (m_ 1 e n) Sr*«6'5 (6 0 0 2) » X- 

DMA:fy5ClCj:Sf-'-^|gil^^tT9 (6 0 0 4) „ 
-^^m^'fio (6 0 0 5) „ 

[0 0 3 1 ] ^"-9 ='\i°-timj-ri>try-f^(Dm^ 

Vm^fr^\ y'-'^f)^mm^fi=bo 20 
[0 0 3 2] ^\Bno:)y<yyrUUt'f-^^ 

mMa^co^^-cu^,B^■t?)„ ry-^^mm^i o o itt. 

■>>^rA?^rBll^lCmb u f x-iJ'Wigf^T-ta^nSS 

0 0 1 ii-hXil tT^-:f^Mn^ 1 0 0 6 x-^ 3 
f-fliij®^ 10 10 f-f{iiJ{S$|3 10 15 ^mM-t 

5„ ^e-waasi o 1 5(i. amTyy^?5s*ffs-r?> 

S^tr-^-i^--YXi:T^5^7°i5'Wi9g|5l 0 0 Qn^f--^^ 
t'-ffiiJ^lfP 10 10 F^fCfcSlifitzJi^gR 10 14 P^(Dm 30 
fix - ^ V ^ -5 Mffi t L . X - ^ ft ;is 

MffiJ: '9/J^$|/^^-g■^i. p I o:^x*:tcj;5T-'-^^Si^^^ 

[0 0 3 3] r^<a*Aga5(^<}: 5ilffi*^T/U3-!; XAO 

&<7)3^ri<;;45fc5„ 

[0 0 3 4] 1 ) m-&l5^ 
mW.^mm\c-ti>, ISffl* 1 0 2 4^V h i 10 2 
Ay<-( V ^^:k^\/^7-'—'^(Dm'^\t. DMA, /J^$V^x 40 
P 1 0*5tT'T'-^3 f-^tr^o 

[0 0 3 5] 2 ) DMA^JJlffl4!taa^rHlSiJ£;^5C 

DMA^;]iffl*aaB#rBii^iijSL, ^wfifcio-cisffi^^ 
iBTyy^(D^mim (7ooo) tcoMAioKSfk^aa 

B^fFMl^ffl^^?, (7 0 0 1) o PJ^HtrMl^SlCx-^^ 
5tt DMA:fy^ornlroM{i$iJffll;4>fol/^SL^-Cfo'5;45, ii 
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[0 0 3 6] 3 ) mm^mm7'-^im:fj^ 
(DMAiMWfkBtrfa) + {I i< n^tz^ mM^ma^m) 

XM=(lA--fl-S/cf90P I O^fliS.^Pdl) XM (itl) 

[0 0 3 7] y<yy 7 An'f—'^^^ /^-y^r BW 
7=-^fi;=B -'<i/7r AC0DMA;^^Cl-J:2)T'— 

^'3 t°— B#Fd1^D_TA, p I o:^it(-<t.5x-^3 e 
-fi$rn1^P_TAi: L, ^-^j/^r B(7)DMA;^S;(cJ;^) 
t°-B#rHl^p_TB. P I o;^S:;^J:5t-^ 

3 t°-B#r(g^ P_T Bti-i>t. 

1'^' n^tc'o (Ddwmm^m = (a -b) / (d_ta - d 

_TB) 

1 F ^ fc 19 CO P I OMSBtrHl = (A -B) / (P_TA - P 
_TB) t^£i>o 

[0 0 3 8] mmry-yi'^BmitmcDMA^Bmim 

fral. D_TA, D_TB. P_TA, P.TB^tJ^-t-S :i t =t 

[0 0 3 9] z(Dm-^(Dfi!im(Dmti^m8^i$.oxum 
[0 0 4 0] mmr^'yi^^mitmimim&u^mm 

'k\%^^y y7\^y<yyr^2 tt^f^Ric-r 6 (x-^fto 
^T'.eStK)) (8 0 0 1) o -tLT. 2mM<ny<yy7 
[z^L. DMA, P I oro(Sf;^i*:^^o-c. -yy^TJ^m 

t°-^4-r2) (8 0 0 2) o 

[0 0 4 1 ] DMA^UW-fkBtrnl, T-^'ftA, B(7:)/<s/ 

7r (->F|-t--5DMA. P I oiii5i;^5*:(ci5T•'-^3t°- 
B#ra*alJAg1-6 (8 0 0 3) „ i^it-bmm^imi-i> 
(8 0 0 4) „ ^Lx. mmimii.T'-yMcmuL. 

[0 0 4 2] /<->7 7$lJtfl{-ol/^-C. mb u f r-^?1f 

IJiBJ tfc/4\ m b u f x-^«dtft:(7:> J: V V y 

i' m^i:i^t>^j:\^^y< yyy Mno^m-^icM LXh^'^m 
l>:j;6x-^3f-:^iti±. War-fc-So 

[0 0 4 3] 

[0 0 4 4] Z(DJioiC^ 3 t°— t5x-^$'fi(Cj;5ig 
ft^^^L. ■r-i5'3t°-;^ji:^$ljp-f S^ili. X- 
^3 t-Btrn1;45-r-^fi(c>PtLT. ^?f^l^{cii»Pl-.5(7) 
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10 0 4 5] r-^? 3 \i°-iim<^miimmu'Mmm.nm 

^^mt-th^^\z.m'^t^^^t^^ t e 1 n e tc:ij:5 
l:;!|5/J^$^^#-g■^l, P l o;^5^(cJ;St-^ = t°-5rf56 

[0 2] iijtf6iW->;^xA<7)yn s/>!'BiT'fc6o 

113 3] mbuf/-<-7 7 7i=ax-7'yU-CfcS„ 

[1214] mb u f ^^•;/7rl=ax->^/K75«fi)c^Jl T'fo* 



9-288631 

8 

* So 

[0 5] mb u f /^■>7rtar-y/K7?tll)5£fi^ij2T'fe 

So 

[0 6] /<y7r =1 t°-<7?50ia«»tttlTfcSo 

[0 7] Mffi^^^aaw^tfLaiDijfttLi-cfcSo 
[0 8] ia{i«^-^jiOiaw*!!ia(^ijitti.2-c-fc?)o 

1 0 0 0 --iifflsijpi^ffl:. 1001 ■■■m%r¥^^. 

1002 • LAN. 1 0 0 3 -3.— )f77°!;-y-->3 
V, 1 0 0 4--7°D ha^L-^lJI^^B, 1 0 0 5-^-yK!7 

1 0 0 7 ■■■min^<-yyr'smmm^. ioo8--i^ 

is^<yy7. 1 0 0 9-§:iE^<yy7. lOlO-x 
=. f-{tjij|^*l5. 1 0 1 1 •••T^:/^i^^^j/7r, 1 

0 1 2- -a.— if^RI^^ 1 0 1 3;-v';=!.7'A2£rB'5, 2 
0 0 0-CPU. 2 0 0 ^ 2 0 0 2 • 

v/Xt" 2 0 0 3 ■■■'>^'rM.y<y^- I /0^<>^'^ 

2 0 0 4- I /O^^y^, 2 0 0 5-- LAN 
3yhn-7. 2 0 0 6---iijf T^V^^ffl^^Uo 
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